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Abstracty Vewetation, prionurly by sirtue o ity stiacture, provides e setting i which niost
birds act amt their cetogienl :lmi vvolutlonty tles. Vegotation stencture in hotly the vertical and
horizomtal dimensiuns ailects avian conmuty stencture, ing the hoeizontal compuonent s 1o
ceived bess attention frnn eeotuge? s Thier Bieterogeneity indices, develuped to quantity haorie
zuntat hetorogeneity of vegetation, lave received Hinited testing In Delaware, linois, asl Te-
avs The ddives resalve s problems in predicting comeaity diversity, bt thelr aaiversatity
annd applacabindity aee st e e A B Dndividaal wud popiadation Tevel, segetution con be g
provivate or i adtingte linetor of fabitat solection, and can allect esplobation patterns of i
vidual spectes, Halitat, sestiig, and feeding data for soverndl species in sontls Teaas Lirash-
grasshunds denonstite these points, The resalts suguest wwmi prsints ot hoth Jevels whieh
need the attention of upphied amd nowapplied avian ceatogists warkbase with both same nod wone

e Hirds,

“The world is o patehwork quilt,” one
of my priuciples of ceology, refers to the
cuvironmental mosaice created on the
fundscape by myrind combinations of
overlapping griclicnts ol enviconmental
factors such as soll type, pll, insolation,
meestore, asd mineral conteat. These, in
turn, affeet patchiness ol another envi-
ronmentil component—vegetation,

Veguetution adds dimension and vuriety

to the landscape and provides the kind ol

environmental patchiness whicls s most
upparent ta us, 1t provides the Tromes

ork~the setting or the Hmits—within

hich terrestrial, and many aquati, hirds

olve and net ont their eeological roles,
Vegetation exerts this effect direetly and
indircetly through its structure and, in
some cases, through special products
such as fruits, It is common knowledge
that vegetation is important to birds be-
cause it provides a variety of requisites:
nest sites, song posts, food (cdirectly in

rmprr————
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friits and seeds and indireetly in inver-
tehrates on the plants), atd protection
from predutors and extreme weathes,
Howuever, there are other ways in which
vegetation influences avian ccology,
Three of these retate to eftects at the pup-
ultion level, and a fourth at the com.
naunltly level: (1) As a proximate fuetor, it
can provide cues for habitd selection; (2)
Vepetation e modify the ways birds ox-
itloit resourees: (3) As an uitimate fuctor,
it cun aflect the suceess of (ndividuals
and henee, populntions in a partientar
hubitat: (4) Finally, its complesity allows
birds to subdivide resources such as food
and space Into patches, substrates, or
strata, Beeause vegetation can play u ma-
jor part in determining varfous commnes
nity churuetertstics, it s a eritical factor
in much of avian ceology.

The above poiuts have been discussed
varfously in several reviews of avian
habitat reseurch (Hilden 1965, Orlans
1971, Baldu 1973, Verner 1975, and Karr
1978). ‘Therelore, 1 intend only to re.
emphasize some key tdens about the re.
latfonships between birds and vegetas
tion, I will concentrite on results from
my south Texns work and from studies
inspired by that work.

to2
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PATTERNS NTUTHE COMMUNITY LEVEL

Spatial heterogencity s been u
watehword of attempts o esplain why
habitats hold the numiber of specles they
do. Much eftort has been espeaded to
quantily hoeterogenceity and to relate it to
diversity of birds and other animals, *(he
vertical profile measures sueh us Tolinge
hetght diversity (FHDY und percent
vepoetation cover (PCVQE) have vielded
general correlutions with bird species die
versity (BSD) measured by the Shannons
Wiener Information-theorvetie equution
From a vartety of habitats (Karr and Roth
197 1), These measures also lave failed in
numerons places (Roth 1976), perhaps
pitrtly hecause ol a Gatlure o account lur
othes varinbles (Rare 1976, 1978). How-
vver, | contend thut mueh ol the seatter
wits heenuse ol fnadeguate indexing of
sputind heterogencity,

This indeguaey becune apparent to
mee b study of four plant commanitivs
in the south Tesas brush-grasslunds
where BSD, FLD, and PCYC were Ludrly
similar (Kurr and Both 1971). The imlices
could pot predict the diversities of the
four arcas when treated as a distinet
grony, 1 bhelieve this was beense FHD
and PCVC are hmctions ol the proportion
ol vegetation in different luyers, md not of
the horizontal distribution of the vegeta-
tion in those layers. Henee, these meas
sures may detect 70% cover fn a layer,
but they do not deteet whether that 70%
represents cover evenly dispersed over
the srea or clumped in one or a few
pluces, Neither do they tell us about the
virfety of combinations of Juyers present.
These deficiencies indivate o need for an
index that incorporates the horizontal
componcent of heterogenelty and predicts
BSD, species richness, and other attri-
butes of avian communities, The fdeal in-
dex should e univensally applicable,

easy to ealenlute, and sequire casily gen-
vrated dati. A eritical eriterton of the fn-
ddox s that it make ceolugical scease, 1 e
index weets that need and also predicts
conminnpity features, it shionld point o
the Factors whivh are importamt determie
nants of weinn connunity stroeture,

Only Wiens (19730, 1971), Blondel et
al. (1973), and Roth (1976) have reported
attempts at quantitying hortzontal heter-
ogeneity and reluting i to avtan diversity,
although MacArthar et al, (1962) sug-
gested it {s o mgjor importanee. Pianka
(1966) wnel Murduch et al, (1972) attempt-
od suely correlutions with Hzards pid in-
seels, The remadnder of this seetfon will
discuss theee hndices which 1 have de-
veloped und tested,

The Krst index has been deseribed
elsewhere (Roth 1976}, 1L received its fine
petus from the ‘Texas brushsgrasslnds
where the varying deasity and dispersion
of shirubs may he largely responsible oy
the varintion in avian diversity among the
four otherwise shuilar sites, A shift away
fron regulur dispersion of shrubs should
ereate patehes of various densities. A
greater varlety of birds could distinguish
and partition those patehes thun could do
su b o undlosn habitat (vegular distribu-
Hon) where putches were abseat, The
cocllivient of varfution of the point-to-
phat distances from the point-quarter
sampl ing mothod (Cottan and Custis 1956)
wiats used as an index (D) of this het-
erogeneity. D inereased as tispersion
went from regulur to random {(Bath 1976).
Using distances to shrubs, 1 was signil-
teantly correlated with BSD Jor the four
Texas arcas, lwo Winois shrubby areas,
and four Delaware forests, Nonslorests §it
the Hne more closely thun forests, and the
relationship did not hold for 1 derived
from point-to-tree distimees for reasons
exphiined elsewhere (Roth $1976). De-
spite the correlution, D lacked universal
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citht Delywates somdlands i 1972 wed 1973, Bind
pepnation data are g Murtin (1978).

ity for two reasons: (1) absence ol'a plant
life torm, such as shrubs, conmuon to all
habitats and (2) the difficulty of applica-
tion ol the point-guarter methad fn var-
jous systems, for example, grasslands,

A more universad fudex wonld use o
leatnre poasurable in all habituts, The
lust twar fudices use such a feature—hor-
izontal variantion in vertical profites, The
biologieal rationale for the indices is my
asstimption that avian teeritories upe
threc-dmensional, and that habituts are
selected on tint basts,

The liest of these incdices uses the com-
bination of lavers at a sample polnt as the
data anit called profile type. o none<lay-
ercd habiat there are only two profile
types: vegetution present or absent, With
three layvers, cight types are possible.

This illustrates how additional layers of

vegetation can increase habilat patehi-
ness horizontally (MacArthur et al, 1962,
MacArthur 1964, Roth 1976). Pearson
(1973) also recognized “columntypes” as
importaat habitat featares, hut did aot
combine them into one index. Peter Mar-
the and 1 indexed this characteristic by
estublishing evenly distributed transects
it cight Delaware forest and parkland

sites, Presenee or absence ol vegetation
was thean detesmined in three layvers (0-
0.6 m, >G.6=-60 1, >6.0 wm} shove T
dreeds of sumple points 7.6 m apat along
the tansects. From that data sel, we ran-
domly selected vuny {equal o v, 15%
of the sample points) nensoverdapping
transects from six adjacont sumple poluts
euclostig five fntervals, idestified the
profile type ateach potst, und determined
the munber of times that adfucent pofats
had different profiles. This vuline was
wveraged over all transects, The prove-
dure was ropoated with twe more sots of
rndom transeets (Table 1. The mean of
the saples expressed as o pereent §s the
index—pereent clinge (PCHG). This In-
dex shauld distinguish Lbabitats where
simikn profile types are clinped Trom
ones where they are interspersed, 1t also
shoulel b sensitive to the varivty of pro-
file types in an area, Higher PCHG
means grenter heterogeneity amd, one
wonld prediet, higher DS ‘The corre-
lation between PCHG and BSD was sige
wificant, bat, surprisingly, vegative (Fig-
we 1), This is ecologivally absurd, of
conrse, because it proedicts the hichest
BSH in the least heterogenenus arei.
One explunation tor tis apparent anom-
aly is that the relationship is curvidiaear
ruther thun lnear, and that the enrve will
level ol or perhaps decline somewhat at
lower PCHG's; however, even aanilorm
habitat would support o Tew birds, At the
upper end ol the curve diversity shonld
decline because estremely patchy hubi-
tals will have Jow blocks of preferrad
lore (profile, gestalt) lange enogh to ae-
commmodate territorial activity and re-
sowtee denunds Tor inany species, A cur-
vilinear pattern would indieate that BS)
is maxinnun at same intermediate pateh-
fiuss,

It is relatively easy to collect the data
lor this {ndex. Caleulption of the index
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was simple although gowentine the values
was labariows, A vomputertzed system of
rmdomly selecting transects and doeter-
mindng the nuber of changes woukl
spead up the provess, wid eliwination or
redection ol the noncovertapping trunsect
requirement would sinmplity it Random
sturting podnts are necessary to avoid the
bfuses of starting repeatedly at the edge
of wiwren and ol repeatedly enconntering
reentring vegetation patterns, Random
stlection ol the trmseets fn the field dor-
ing siwnpling wonkd eliminate the exces-
sive, wnused points sumpled by our
scheme, The principal ecological weak.
ness to the index s its use of o linenr suine
ple arca which does not reflect the polyy-
onad area which a bird uses. Smne may
ubject to the use of the three lavers as
arhitrary, ‘They were used beeause of the
suceess with their use in previous het-
crogencity work (MacArthur and Mae-
Arthur 1961, Kare and Roth 1971), ). 1.
Katre (pers, conun,) has snggested that the
distance hetween sampling points can
affect this index. That possibility was
confirmed hy a test in which PCIHG was
calenlated serintly for intervals inere-
wested by 15w from 1.5 o 7.5 m (Mar-
tin 1976). Values generally fucreased
through the series althongh in severnl
cuses no change or a reverse in the tremd
oceurred between subsequent sizes, The

variution itsell’ may reflect spatinl pat-
terus. Indices tor areas which were ohe
vionsty more uniform changed dess tivn
apes which woere elearly more heteroges
neous, Sumpling interval nmy allect other
indices also. Martin (1976} also found
varistion i PCVC (Kurr 1968, Kare and
Rothy 1971 values in the smine test, but
FHID values were very consislent,

The third index has been tested only
with Texas data, Intersections ol w pre-
existing 53 m wrid system o cach area
determined the  location of vegetation
samples, About 35 sample plats on el
area weve centered oy the grid intersee-
tons. Within each plat | recorded pres-
cuce or absenve of vegetation at 0, 0,15,
0.3, 46, 4.9 m, cte. upward through the
veeetution at 13 sasple points, One point
was located ot the grid (ntersection, and
three tay atong ench of the four grid Hnes
at 7.0 m intervals. A plot encompassed
alrowt 0.16 ha, | ealenlated percent cover
at eiteh height to generate aoecer profile
fur cach plot, avereed the profiles from
all plots, und caleuwlated the coellicient
of vatiation (V) for cach heoghit i, The in-
dex, profile variation (PV), was then cal-
culated as

PV = ¥ VL,
fw]

where nowas the maxhmon sumber of
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heights with vepetation present un the
study arca, wnd Loswas the smasinm s
ber of hieights with vegetation encoun.
tered mmong any of the sty areas used
in the nnadysis. Dividing by 1, mther than
n standurdized the index by compensat.
ing for the loss of all vartition at upper
heights on some acceus becanse ol abe
sence of vedetition, A higher PV s s
sumoed to indicate o patchier environ-
memt and shoeuld support o more diverse
avifaun, Indeed, lnear correlations with
BSD were significant (Figiere 2). Al-
though this test is limited in teoms of
smnple size and range of the indes used,
it suggests this approach deserves further
evaluntion,

PV indeses the horlzontal variability of
vegetation cover at each helght so it has
the advantoage of combinfug vertical and
horizoutal patehiness, T addition it in-
corporates avernte cover values from
patehes of habitat {plots) resembling

usape arens of Birds more closely thay
linvar transeets or radomw points, Addi-
tonal dativ also may demonstrate the cor-
vilinear relationship soggested with
PCIG. Extension of testing to other hab-
itats will reeutire use of height intervals
oi lavers wore easily sampled than the
1.3 1 ones, which wonld not be realistic
in hubitats with trees, Another problem
is the peed to reealenfute the indes in lnt-
er amalvses (i the value of L changes be-
canse ol inelusion ol additional arcas,
The index reguires dita which may be
more burdeusome to colleet and caleu-
late, bt it can be used in asens lncking
arboresceut vegetation, OF course, its bee
tweenshabiitad appheation remains to he
tested also, Wiens (197D used the cocl
ficient of varlation in a sonewhat similay
uppronch in geasslunds but used totad hits
ol vegetation above u pointas Lis input.
He found few relationships between the
indes und avian community structire.
These indices attempt o quantify an
important determinant of avian commnme
nity organization. Several areas of re-
search are appropriate Tor the l[auture,
Tests of e indices in a wide variety of
loealitios und hubitat types are needed to
detennine universality, Indices should
be rated on the basts of eise of datas col.
lection and ease ol ealeulation of the in-
dices, It should be determined il the in-
dices are correlated with ecommunity
churacteristies uther thun the informae
tionstheaoretic diversity indes, especially
when the ltter is based on species, Some
possible correlates include goild diver-
sity, existence energy, and biomuss, The
uselidness and eeological meaning of the
information index has heen guestioned
(Hurlbert 1971, Kurr 1976, 1978) as hus
the refinnee on the species and on pop-
ulation density as ccologically menning-
ful units (Root 1967, Karr 1976, Roth
1977). Coreelutions hetween some of
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these churacteristieos wnd varlous vegeta.
tion indices lave beea attempted {Kare
and Roth 1971, Kare 1968, Wieus 1971,

Vegelution structure i not the only
regulitor of avian conununitivs although,
1 contemd, as did Wiens (19740) and Kurr
(1978), that it iy w njor fuctor, When o
rapid snddex Tor predicting or estinating
“carrving capaeity™ or eviduating habitat
aquadity Tor birds is needed, vegetation
stracture should he the chareteristic in-
dexed, 1M ather ictars sueh as distanee to
vidonizition sources (MacClintock et al,
1977) shape and slze of urea (Gatli ot al.
1976, MacClintoch et al. 17T, Dinnond
I975), wunlgque resources {(Kary 1971,
1075, atd history (Pearson 1)735) can he
incorporated with case and efficiencey,
and v be justiial by signiicantly .
proved predictability, they shonkl be in-
chuded. Such precision sy ot be need-
ed inapplied wark, however,

PAPCERNS AT THE POPULATION
LEVEL ‘

it vegetatian is a determibnat of com-
munity organization, it follows that it
should be w detesminant in the veology
ol individual species that comprise the
conimunity, That vegetation is inportan
as a proximate haetor of habitat selection
(Eliklen 19635, Verner 1975) is supested
by our ahility o associate species with
certuin habitut characteristies (Jumes
1971 Some ol these chamceterdstics are
appatrent andd can be stated subjectively,
Others may he more subtle, but all
shondd De quantifinble. Beyomd that we
also should be able to determine how
vegetation afTeets birds in terms of thy dr
feeding styles, nest placement, survival,
and ultimately, their reproductive sues
cess. In Tesas 1 lound evidence or ex.
amples of some of these velationships.

The study areas, chosen for thele sime

lurity to one another, have bhoen des
seribed (Roth 1976, 1977). They were 8O-
93 km apurt and were located near Sens
sleift (Callions Co), ot the Welder Geluge
{San Patricio Col), sonth of Kingsville
(Kleberg G, wnd uorth of Raymondville
(Willney Cau). b swnpled vegetation in a
way which enabled e to nssocinte sets
of siaumple points with upprosboule seae
somtl usage arens (“territories”; oceuplioed
sites) or with sites unused by a paaticular
bird species, The nsage arcas weee e
termined From seasonal compuosite maps
comptled Trones spot-miap censuses. Vare
fous vegetation characteristios were cals
culated for imlividaal nsage azeas, Values
for individual usage areps were weiglited
aceording 1o the sumber of ssuuple points
Galling within the territory, Al vatoes for
arcas of u given species were then aver-
wged logethern These were compared
with those Jrom all nioceupied points
which were grouped as a set, Wiens
(19693 and Cady (196%) used a st up-
proach, 1 also recorded characteristics of
leeding sites, behavioe, ad nest sites to
determinge how the varions species ased
the vepetation. Roth (1971, 1977) de-
tniled the procedures of vegetation sam-
pling, avian censusing, il obhservations
ol Teoding and nesting,

It was quite easy to understand lhv
abundance and habitat preference pat-
terns of some species without guantita-
tive ¢hata, Comnmon nighthawks {Chors
deiles mingr) ovcurred only at Seadriit
(5 d /40 ) beeause the very short,
sparse groumd cover (20% bare ground),
tvpical of nesting ses of the species
Dent 1940) was unigque to that study
area. The same cover, in compuny with
shrubss, nude Seadrift attructive 1o groumd-
loruging roadranners (Geacaceyx califor-
nianus) (8 44M0 tw) (Obetholser und
Kincaid 197:4:437), At the Welder Refuge
the only sites laeking tall, herbaceous
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cover were along mowed pipeline wd
power line sights-olaway that bordered
the area, thereby resteicting roadrmners
to only w sl part of the aren. Short-
sy sites were availuble wt Kingsville,
so the absence of rondrinaers there must
have another explimation sach as a gen-
erad sonthward, regional deeline in abun-
dunce, While §t wus easy to identily gaal-
itatively the breeding habitat preference
for these two spectes, §eould not identifly
unambigaonsly the specifie factors on
which Individunls were creing (proxi-
mate fuctors), Neither could | olartly fuc-
tors that determined success nor the
birds' exploitution patterns in the habi-
tuls.

It was possible, however, to gquantify o
subjective feeling abont habitat prefer-
ences and the proximate fiactors of habitat
selection for dickeissels (Spisa ameris
cana) wadd, fn o Hmited way, to relate the
vegelation characteristies to exploftation
patterns and suceess, Dickelssels reporl-
vdly nest n south Texas in wet yvenrs
when the gruss is lush, bat pass by in dry
yeurs without nesting (Clarence Cottan
pers. comm,, Oberholser and Kineaid
1974:870). Two consceeutive years of high
April rainfull {(W. C. Glazener unpubl,
data) resuited in a lush herbaceous
growth on the Welder Refuge when the

birds wirived there in lute April 1968,
Nesting activities rapidly commenced
about May 1. That the bieds were re-
sponding to the atlgmss was evideat in
their preseace onty at the Welder Refuge
(48 S0 ha, fu the vegetationu] char-
acteristies of their tesritories vs. une
acenpied sites, and in the temporal as.
peets of thedr presence,

A preference Tor dense herbaceous
cover was Indiented by greater cover at
and below 0.8 m fu territories as come
pared to unoceupied sites (Table 2). A
significantly lower mean shraly heigla
aud volume n territories than in unoe-
enpivd sites (Table 2) suggested an ad-
ditfonal preference for openness. In this
case apenness was o function of smaller
shrubs, not of less dense shrubs, sinee
densities did not differ,

The 10 nests found were 15-25 em
from the ground. Ench was invariably as-
sociuted with a small woody plait sur-
rounded to o distance of at least 0.6 i by
dense gruss or forbs 0.6-0.9 m tall. The
eritieal information on fledgling produc-
tion was incomplete (two nests failed,
two fledged young, and six vnksiown), so
the role of vegetation as ap ultimate fac.
tor could not be determined. However,
Zimmerman (1971) demonsteated that
nale dickeissels in Kansas with territo-



ries having Insh, tall growth, tended to
attract more females and therefore rear
wore young than those in shorter cover,
He sugy  ed the vegetation oftened pro-
teetion + s moderated the nost micso-cli-
mate. Pioszezyoska (1978) showed the
lntter to be the advantage to lark buntiogs
(Calumospliza melunocorys) nesting in
tull grass, and, as with dickeissels, mules
with lusher territories were more likely
to he polygamous. My censuses were not
detudled sulficiently to detect polygramy,

A negative indication of the attractives
uess of the lash vegetation oceurred in
May and June when rainfudl totuls were
L1 annd 23 e Less than in 196Y, and the
vegetation begun to wither, As nests
failed or voung Hedged, the bivds left the
areit until only twa pabes eeding Hedy.
Hogs remined on 168 June. None were
seen afler thut date. It has been sugeest.
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el that dickedssels stop in Texas und rear
ar attempt to rear a browd before moving
to the central plains to breed mgain (Clar-
ence Cottam pers,, conn., Frotwell
1972). 1t is of interest, Shéther this rop-
resents past selection on a northern pop-
ulation o hreed earlier or to rudse an extra
brawnl, or selection on a southerm popu-
lution to compensute for napredictuble
weather and vegetation conditions by
moving nosth when conditions hecome

poor The fatter would be suggested {F

birds spent the entire summer in south
Texas in very wet years. Qberholser and
Kineald (1897-:870) finply theie presence
in Tesas in wet summers, but not specit-
ically in south Texus.

Hubitat preferenves also are ndicated
swhen certafu featuees are common o ters
ritorivs in different localities or sites, The
cover profiles of ground doves (Colum-
bina passering) suggested this at Kings.
ville and Bayinondville where territories
had less cover and more cover, respec-
tively, than unoceupied sites in the 1.2~

Figare 3. Vegettlon vcover profiles for the entive

Kimgaville (K) and Bavmomdvitlle (B) stads wreas - -

il for sites oceupied by gronnd dives on the tae
areas, Number of sunipte pobints ased lor each gao-
file were 654, 633, 61wl LS, nespectively,

1.8 m height zone, However, resultant
ocenupivd cover values on the two areas
were very simblar, while the profiles of
the entire study sites were considerbly
dilferent (I < 05, t-test For equality of
pereentges at 1.5 and LY wm) (Figure 3).

These results suggest that the 1.5-1.8
m zone was important to hobitat selection
and presumably to some eritieal activity,
Nest placement is suggested since gronnd
tdoves usually teed on the ground. In-
deesd, at Raymondville 76% of 25 nests
were L2<E8 m above ground, and at
Kingsville two of three were in that zone,
The respective mean nest heights were
1.6 = 0.06 (SE) aud 1.3 = 035 m (1.6 =
0.07 for shrub sites, N = 2). No distinc-
tion In success between nests in and out
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of the zone could be found, The mnch
ereater poputation wt Raymonedville (6 vs,
25 & 40 hi) maore likely reflects a goer -
eral regional increase sonthward than o
semeity of preferred sites at Kingsville,
Fowever, my data cannot exclude the Lt
ter possibifity as an added caase of the
population dilference.

Farmging patterns of n species also can
be alfected by vegetative conligaration,
For eaample. Bewiek's wrens (Thry.
omanes hewickit) were preseit at Sead-
rift, the Welder Refnge, and Kingsvilie in
el abundanee (3, 3, and 6 & 410 ba,
rospeetively). Howoever, use ol feeding
substrates diflered cemsiderably amony
areas {(Table 3), although shrabs had an
ellect on Foraging in all cases,

Use of grostuel-hierl sites at the Welder
Retuge probably swas onderestimated he-
cause of ocanional difeculty in scving
under “chapareal™ clomps, While feed-

fugt, wrens olten ceased eadling for briel

periads, a hehavior observed in other
places to be associnted with dropping to
the ground to fewd. Beeanse of this prob.
lemy and the limited data, T will not come
ment further on the Welder Refuge
wrens,

Ground or herb substrates olten were
used at Seadrift because many of the
shrubs there had branches and folinge

near or on the gronnd, The eflect was o lo-
linre-covered dome over a core of bhare
limbs with o shaded expanse of leal litter,
bate gronnd, and Hehepseovered ok
andk seedlings heseath, While fomging on
bhark, wrens oltes came elose to the
wronnd and made briel forys to the
gronned to Tormges Millor (19413 also noted
this behavior,

At Kingsvllle the shilt away from the
use of gromd-herly gud, perhaps, Trom
tink to shraly foliage was also o function
of structure, Only two shrh species
served as feeding sites there—lhntsiche
(Acacle farnestana) aned granjena (Celtis
pullida). Both were less abagcdant at
Seadrilt und the *elder Refuge. Hinie
sachie has Jouse, Bk burk on the tiank,
1t su=o wee Sgosted with a cermmbyeid
beetle (Oncetdeces spu) The beetle's gir
dlinmg action cansed many Thubs to be par-
tially or completely broken off and de-
vaying wood to he exposed. Such featares
should have offered attrmctive sites tor
bark foraging. However, the growth fonn
of huisache-=nsnally of o cone or oral
spray shape——=left those sites expuser!
sinee loliage was lisnited 10 the upper
parts af the sheub, Such exposure deters
wren lorging (Mitler 1941, The sinooth
bark of granjent was used only inciden-
tally as u foraing substete, Mesgnile
(Prosopls glandulosa) wlso was present at
Kingsville, but the limbs were above
gronud, and the lower brmches were
more exposed thun at Seadrift, With the
availability o sechuded bark sites re.
tluced, the bivds shifted to fullage feeding,

Sixteen ol 18 instances of folinge feed-
ing were on granjenn, Its relativels large,
simple leaves on short petioles are seat-
tered throughont the height of the plant,
They presunmably would provide maore
cover and harbior inore artbropods tn we-
cessible, but eryptic, places than huai.
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suche or meseuite. Tndsache has asparse
folfute of compound Teaves with simall
Tenllots in the upper parts of the sheh,
Mesguite has larger compound Jeaves
sad Jeallets, bat they droop from long
petioles und would be dilticult to gxploit
escept by hovering—ir k- teeh-
nfoue for wrens,

One might convlude that these neces-
siry shifls {n fomsting taeties hiad no ellect
on the sueeess of the binds sinee the pop-
ulittions were eagual on the three areas,
However, [ do ot know what the relative
regional populations Jor the three Jocali-
tes were. Perhaps the foraging strtegies
cansed areduction in one of the meas by
reducing energy setuens or repraductive
stevess, bty data did not permit that
evithuation, A more intensive study
wonld he neceisury o conling this.

Another exumple of forsting shilts
made necessary by v getation strctuse
also inelicated offects on reproductive
suceess and, in turn, on the evolution of
habitat selectioe o wcompagison of for
wging ot Seadrift aned the Welder Reluge
1 (Roth 1979 founnd that mackingbirds
(Mbnns pedyelottis) responded very pos-
ively 1o the short grass of Seadrift {35
d 440 ha} because it fuvored the pre.
forred feeding stvle—watchinge and ran-
ningg alter prey from ground perches, On
the otlier hand, at the Welder Refuge the
tullgrass futerfered with that foraging
style nd Toreesd the birds to forage o the
air v in shrals, or to deop to the gromuld
to seize prey sighted from shreab perches,
The result was u lower population (13
& 444 hay) and abandonment of the area
us the grass grew taller during spring. At
Seadrift renesting persisted  thronghout
the suminer, presumably becanse forg.
ing was more elficient or rewarding
there, The net result was that the birds

i

eventually produced young while the
Welder Relugge birds did not.

Three paints should be wmade in su.
marizimg this section, First, these cases
demonstrate that vegetation does indlu-
cnee the ceology ol individaals, asd con-
sequently, of populations. This is not
sturtlingg news, hut it §s usetul to be re.
minded ol the subtle efeets that small
varintions in vegetation can have,

Sccond, the vesulls sugeeest that some
exploitalion patterns may be dictated
stmply by what is available for esploita-
ton rather than by competition withia
that community, ‘Chey also suggest that
Toraging patterns vary with vegetation
structore just us they do swith time of day,
sesons, wenther, and nesting stage {Root
1967, Grubl 1975, 1977, Saltamd Willard
1471),

Third, & comment on the technigque
of comparing accupicd and unovenpied
sites is in order, This is one way of iden-
tiving fwtors which actually are associ-
ated withy o territory, nest site. ete, amd
which muy e proximate factors, 1t also
nay point to what s heine avoided, ow.
ever, there at e some limitations, H o
spevies preli,s pulerate cover, the oe-
ovenpied ve,ues may not differ iF they are
an avenwe of the two extremoes, Another
souree of ambiguity is sapgested by re.
sults of Wiens (197310 who fouud that
hals tat preferences of some species cons
verged as the breeding season pro.
gressed, hithitats beceame more erowded,
and preferred arcas were filled. Those
fudings suggest that i one waits until
tate (o the season to sample the vegetas
tion, the resultant species values could
represent two classes of territories: ones
suttled varly in preferced sites amd ones
sottled later in the season in periphend
sites. The solution would seem o be to
sample early in the first brood or o in-
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clude ondy the first 25-30% ol the terri-
tories settled.

Coneluding Remarks

1 will conclude by briclly sununarizing
smme catlier puinls to serve as suggese
tions or reminders for workers in both

" heoretical and applied avian ccology:

1. The wotld needs a undversally up-
plicable, relinble, simple, il ecologieal
Iy meaningful method aud index ta
quantily avian habitat, purtienlarly the
vegetutive compouents of habitat, 15 we
e establish broadaspectrnm, reasonibly
predictive relationships between vepe-
tation and community structure, the work
ol applicd ecologists would be shaplified
‘i dmproved. Such o too) conld be use-
ful i pres and postimpael assessment
aed fn evaluating n major aspect of hab-
itat quality for planning purposes. For
exietiple, the latter fnpat cauld help de-
termine which ol two similar plots had
the greater potential value in terms of
weian resonrees (hut, see Paint 3 helow
fur a warping about defining vahie)

2, Ecologists should consider goiug
besond reportiug the statis of commu.
nities ouly in terms of species richness,
populution density, or specles diversity,
These may or may not be accurte ine
dices of the health or structure of o come
munity. We shonld juvestigate their
relationship to other community charage
teristios and Indieators of “carrying ca-
pacity” sucly as existence vnergy, bio-
mass, and gailid compaosition, Only then
will we know if the simpler chamcteris-
ties ure adequute compromises for situae
tions in which ease and speed of data cal-
lection word amadysis are critical.

3. If connumity research as diseussed
here leads to a sound understanding of
vegetationenvian community relation-
ships, there may be o temptation to nian-
uge vegetation o maximize avian diver-

sity, 1 emphasize Balda's (1975) warnfng
in this rozard, by sueh a sehee there s
the chanee that rare or specialized
species, with which we are often most
concerned, could be managed ont of ese
istence sinee they have little effect op the
diversity indices frequently used. | sng-
gost managinge instead Tor o “native di-
versity ey richness or community orga.
nization typical for the reglon which
includes species endemic to the particn-
lar locality and habitat,

40 Population density should be only
a fisst approstmation in assessing impact,
habitat quality, or mumagement sueeess
for w simele species. A high population
dovs not necessarity wean thase individ
nals will be suceessfvl in sonms of surviv-
al andd reproduction, hut only tha suny
have heen attrueted to o partiewlar site
Clrnnttinan 1960, Dow 1969) For esiune
ploy to assess the Impact of a higlway on
breeding birds in terms of community
churacteristios or of the popudation den.
sity of u single spoctes s only part of the
story. We shauhd kaow iF the binds that
use the rondsides are productive, have
norsal survival rates, etes In essenve,
veologists should try to fdeatify, assess,
and sttsagge whtbimate as woll as prosimate
fuctors of hubitat selection, Good exame
ples of this approach exist CFrantiman
1960, Nettleship 1972, (‘ummn 1974,
Hivgios 1577). Ceapdn

5. We need to impm\‘u O FOSHItS Tos
purted here Tor individuals and popula-
tons. We should determine the causes
and the consequences of such putterns,
Do changes alfeet foraging efficiency,
food provisioning for the young, nest se-
curity, ete.? Burr andd Jones (L968) noted
that heights of robin (Turdus micrato-
rius) and wood thrash (Hylociehla mus-
telina) nests were higher in purks than in
other wonds, While this suguests impact,
we shonfd know if reproductive output is
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wtected o such cases, WIth stiely ovie
denee ornithologists can assess the o
tertn, subtie effoets of vepetative alter-
utions on bird populations.

6. Resonrce manitees shonld consider
the Gmplivations of Tantesscale stugle-
species masnagement pluns on the ot
weian comunngity, Sinve vegetadion strie-
tuse seems to be an linportant determi-
mint In the cvalogy of many speeies, we
shonld resember that altertion or main-
tenunee ol bt o favor one species
cottld make the habitat warginal Tor smany
others. This problem should e investi-
wated o determine the extent of this ofs
fect, il fudeed it exists. Siderits amld
Madtke GHTTY and Goold (1977) discuss
furest manugement schemes which offer
two contrasting approachies (o this cons
ver,

To LI fmportant Tor Swo reasons to
emphasize that vegoetation structure ol
feeds the eaploftation patterns and sues
coss of Tndividuals. First, it helps us re-
twember that population and conmunity
charncteristios are consequesices of netive
ities, such as habitat sclection, feeding,
vtes, of Individuals and are not manifes-
tations of stratesties of these higher units,
Seeoml, ceologists st be able to show
such eflects at the individaad level if we
are o convinee noeeologists that habi-
tat alteration s a serious threat to animal
pepilations,

Finally, T have trded to indicate the
witys in which my duta were ambigaous
ad Incomplute. § hope my vigaettes and
wmy suggestions will lead future sesearchs
ers around some pithlls, 1 assume they
also will identify bird species ad uspects
of avian ceology that could be investigat
ed fruitfully In sonth Texas amd else-
where,
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